Introduction
Peptides and proteins are known to have great therapeutic potential against several diseases and syndromes. They are an imperative part of the pharmaceutical industry. In addition, the current progress in the field of pharmaceutical biotechnology has increased the value and number of protein-and peptide-based therapeutics in the market. So far, more than 100 proteins have been approved as therapeutics (Craik et al., 2013) . Many others are undergoing clinical trials. The FDA has approved many recombinant proteins as biotechnology medicines, antibody-drug conjugates, vaccines, enzymes, natural/recombinant cytokines, and interferons (Leader et al., 2008) . These recombinant therapeutic proteins are also known as biotechnological therapeutics because they are used for multiple purposes, including diagnosis, prophylaxis, disease management, and/or cure. Moreover, protein therapeutics are known to represent one third of the entities that are launched as new medicines under biologics (Tang et al., 2004) . Recombinant technologies have produced various protein drugs that are now easily available as therapeutics at suitable prices for the treatment of chronic diseases (Karvar, 2014) . Therapeutic proteins are increasingly prominent because they have proven to be effective in treating many potentially fatal diseases like diabetes, heart disorders, and cancer (Hermeling et al., 2004; Akash et al., 2013a Akash et al., , 2013b Akash et al., 2013c Ibrahim et al., 2013; Karacali et al., 2014) . Interestingly, proteins have now been proven effective even as vaccines that help stimulate the body's natural defense mechanism for immunogenic response. Moreover, by the help of cloning and expressing cDNA that encodes heterologous proteins, these therapeutic proteins have proven themselves in the pharmaceutical industry (Regan and Jackson, 2003) . However, a critical formulation is required for their safe and effective delivery to targeted sites. To achieve this, it is essential to have a complete understanding of the basic requirements for the formulation and delivery of proteinbased therapeutics.
Although therapeutic proteins have taken center stage in drug discovery and development (with enhanced safety profiles for human use), there are certain challenges that still need to be addressed. Some of the protein-based therapeutics have been reported to induce immune responses and some other unwanted reactions.
In the current paper we offer detailed insights into various fundamental factors that may play important roles in making proteins therapeutic, and may influence their production, formulation or delivery as drugs. As both proteins and peptides have shown effective therapeutic outcomes against various disease conditions, we will collectively discuss the basics, production, route of administration, and potential outcomes of both proteins and peptides as therapeutics. Moreover, we have also summarized the challenges that are currently faced by pharmaceutical scientists during the development of therapeutic proteins.
Classification of therapeutic proteins
Both proteins and peptides are recognized to have numerous effective capabilities, but they vary in terms of their properties. For instance, by definition proteins are long chains comprising more than 100 amino acids, whereas peptides are considered to be shorter polymers comprising less than 50 amino acids linked together with peptide bonds (Sato et al., 2006) . Recently Leader et al. (2008) competently categorized the therapeutic proteins in terms of their function and therapeutic application. They placed them in groups of either approved by FDA (Group I and II) or investigated in vivo/in vitro (Group III and Group IV), as summarized in Figure 1 . Briefly, the proteins that are used to treat metabolic disorders or endocrine dysfunctions like IL-1Ra for type 2 diabetes mellitus and/ or disorders like hemophilia A, which require clotting factor VIII, have been included in Group Ia (Roth et al., 2001; Akash et al., 2012a Akash et al., , 2013d . Group Ib includes the proteins that are known to stimulate various hematological and body immune responses such as interferon-alpha for the treatment of hepatitis C and erythropoietin for chronic anemia (Corwin et al., 2002; van Zonneveld et al., 2004) . Proteins that have been therapeutically used to alter the pathophysiology of a disease are included in Group Ic; some examples are botulinum toxin type A and B for multiple dystonia and lepirudin for heparin-induced thrombocytopenia (Jankovic and Brin, 1991; Eriksson et al., 1997) . The proteins that have been classified under Group IIa are known to either stimulate a signaling pathway or inhibit the functioning of molecules or organisms via direct binding. One example is cetuximab, a human monoclonal antibody that binds to an epidermal growth factor receptor and has been used to treat colorectal, neck, and head cancers (Saltz et al., 2004) . Similarly, anakinra (IL-1Ra), used for moderate to severe active rheumatoid arthritis, has been included under Group IIa (Cohen et al., 2004; Tesser et al., 2004) . Compounds that have the ability for targeted specific delivery of proteins have been included under Group IIb, where ibritumomab tiuxetan and denileukin diftitox can be taken as exemplars used for the treatment of transformed non-Hodgkin's lymphoma and persistent cutaneous T-cell lymphoma, respectively (Witzig et al., 2002; Ohya and Matsuda, 2005) . Proteins that are used as vaccines (both prophylactic and therapeutic) are categorized in Group III. Hepatitis B surface antigen (HBsAg) for hepatitis B infection and anti-rhesus (rh) immunoglobulin G vaccine, used in routine postpartum prevention of Rh(D) immunization in Rh(D)-negative women, are some examples of proteins in Group III (Crosnier et al., 1981; MacKenzie et al., 2004) . Lastly, proteins that are members of Group IV are used for diagnostic purposes such as infectious disease diagnostics and imaging agents for cancer detection (Sodee et al., 2000; Campos-Neto et al., 2001) . In short, all proteins, and particularly recombinant human proteins that have the advantage of being approved by the FDA, have their special place among the biomedical products with potential utility in every field related to biologics.
In addition to the eukaryotic-based therapeutic proteins mentioned above, some prokaryotic-based therapeutic proteins have also been established. For instance, L-asparaginase (a chemotherapeutic enzyme), methionine gamma-lyase (a possible antitumor agent), and L-glutaminase (an antileukemia enzyme) are the most commonly used therapeutic proteins in the treatment of different diseases (Prakash et al., 2009; Sato and Nozaki, 2009; Ebrahiminezhad et al., 2011; Sharma et al., 2014) .
Production and purification of therapeutic proteins
The source and methodology for the production and purification of therapeutic proteins have gone through major developments. Usually, proteins with low molecular weight are produced chemically, while those with a large number of amino acids are produced using living cells (Mrsny, 2004) . Recombinant DNA technology is usually used for the synthesis of many recombinant therapeutic proteins (for instance using mammalian Chinese hamster ovary cells (CHO)) (Jayapal et al., 2007) . Examples of therapeutic proteins that have utilized CHO for their production include β-interferon, factor VIII, and erythropoietin (Kelley, 2001) . Escherichia coli (E.coli) as a microbial host has been also employed for the production of different types of proteins (Kamionka, 2011; Gökbulut and Arslanoğlu, 2013; Ahmad et al., 2014; Wang et al., 2014) . S. cerevisiae and P. pastoris are also known to be good microbial hosts for better expression and production of therapeutic proteins. For the recombinant expression of therapeutic proteins, recently a cell-free in vitro system has been used where a one-pot reaction was utilized for the transcription and translation of DNA fragments (Martemyanov et al., 2001; Ahmed et al., 2013) . Some of the important therapeutic proteins obtained from microorganisms and their potential applications are summarized in Table 1 .
Animal cell cultures have also been widely used for the production of various human therapeutic proteins. Unlike the microbial production system, animal cell cultures can carry out posttranslational modifications and may produce biologically active protein. The animal cell bioreactors are quite expensive because of the rich culture media required for the process. However, the transgenic technology is gaining more attention for the production of various therapeutic proteins using transgenic animals. For instance, the mammary glands of different animals like sheep and goats are being used for the expression of the transgene of interest, which is ultimately secreted in the animal's milk (Janne et al., 1992) .
Besides using microbial hosts, many transgenic plants have also been used for the production of different types of therapeutic proteins ( Table 2 ). The DNA of the desired protein is introduced into the plant genome for the purpose (Lis and Sharon, 1993) . After production, these therapeutic proteins are purified from proteinaceous and nonproteinaceous compounds. Preparation of genetically modified systems is another technique widely used for targeted therapeutic proteins. Genetic modification of proteins is done to improve the plasma half-life of various proteins with a short biological half-life. For instance, different proteins/ peptides such as glucagon-like peptide 1 and thioredoxin have been genetically fused with albumins (Yamashita and Hashida, 2013; Sun et al., 2014) . Several methodologies have been adopted for the purification of therapeutic proteins including chromatography, precipitation, differential solubilization, extraction, and ultracentrifugation. Improper purification of therapeutic proteins and peptides can have a major influence on the immune responses of patients as proteinaceous contaminants can cause allergic reactions (Nayak, 2010) . The purification processes are known to majorly affect the structural integrity and subsequent functionality of proteins; therefore appropriate strategies for purification of therapeutic proteins and peptides should be considered. The major points that should be considered in the selection of an appropriate purification method for a specific protein include yield, structural integrity, purity, immunogenicity, and functionality of the purified protein. For instance, reverse-phase chromatography (RPC) is a highly selective technique for separation and purification of therapeutic proteins; however, the use of organic solvents during the process can denature some proteins, affecting their functionality. Therefore, it is not equally suitable for all therapeutic proteins.
Formulation of therapeutic proteins
The formulation of therapeutic proteins is considered to be more complicated as compared with the formulation of other conventional therapeutic agents. For this reason, product preformulation is recognized as a critical stage in the formulation of proteins and peptides as therapeutics. The three-dimensional structure of proteins is considered (Chi et al., 2003) . Protein aggregation is known to lead to probable immunogenicity in patients and is considered one of the major factors that need to be monitored carefully from the production until the storage stage of therapeutic protein development. Another degradation pathway that may influence protein stability during the formulation of therapeutic proteins is protein oxidation (Torosantucci et al., 2014) . Like protein aggregation, the oxidation of therapeutic proteins can result in an alteration of the structure of these proteins, which may further lead to modifications in their secondary, tertiary, and quaternary structure (Torosantucci et al., 2011 (Torosantucci et al., , 2012 . These factors are controlled by adopting suitable and appropriate formulations and protein carrier particulate systems (Akash et al., 2015a (Akash et al., , 2015b . Most of the therapeutic proteins are temperature-and pHsensitive and they are rapidly degraded when given orally. These shortcomings have been overcome by various chemical and physical modifications and using compatible polymers.
Pharmacokinetics of therapeutic proteins
A great deal of attention to pharmacokinetic (PK) factors is needed for the appropriate development of therapeutic proteins. Therapeutic protein stability is a foremost consideration that needs to be technically confronted. Both chemical and physical instabilities of proteins should be recognized as critical issues because both may lead to degradation via various processes like aggregation, denaturation, hydrolysis, oxidation, and/or racemization. Therefore, various factors such as physical and chemical properties of the proteins and the use of excipients in the formulations of proteins and peptides should be considered in order to increase product efficacy and minimize any drug incompatibility and/or instability. Although the assessment of PK parameters of therapeutic proteins is considered to be complicated because of their physiochemical properties like protein folding and/or instability, it is a critical step for the appropriate formulation and delivery of these proteinaceous drugs. When it comes to the administration of exogenous proteins, they may interfere with the normal physiological functioning of endogenous proteins (Braeckman, 2000) . Besides chemical instability, other major complexities associated with the development of therapeutic proteins include hydrophobic nature, large molecular size, enzymatic degradation, and rapid elimination. Moreover, the route of administration of therapeutic proteins cannot be neglected because different routes may have different advantages and disadvantages. For instance, parenteral routes, including intravenous (IV), subcutaneous (SC), and intramuscular (IM), are known to bypass the gastrointestinal enzymatic degradation; however, the bioavailability of these therapeutic proteins is known to be reduced after SC and IM administration as compared with the IV route because the SC and IM routes may face minor presystemic degradation (Meibohm and Braeckman, 2008; Zhao et al., 2013) .
Absorption and distribution of therapeutic proteins
As stated above, owing to their large size and other factors like hydrophilicity and enzymatic degradation, these therapeutic macromolecules are mostly administered via parenteral routes. Following SC injection, the time required for therapeutic proteins to reach maximum systemic circulation (T max ) is known to be a few hours, while the time for monoclonal antibodies is measured in days (Mannaerts et al., 1998; Montagna et al., 2011) . The major factor that determines the absorption and/or bioavailability is the size of the subsequent therapeutic protein administered via a parenteral route. Though the SC route is most widely used for the administration of therapeutic proteins, the bioavailability of these therapeutic proteins following the SC and/or IM route is known to face a large variety of differences in terms of lymph and blood flow/perfusion at the site of administration (Lin, 2009) . In other words, the size of therapeutic proteins and peptides as well as the lymphatic and blood supply at the site of drug administration both play pivotal roles in determining the absorption and percentage of bioavailability. The protein and peptide therapeutics with smaller molecular weight usually tend to get absorbed via the blood circulatory system, whereas the lymphatic system is known to absorb therapeutic proteins of a greater molecular size (Porter et al., 2001) .
The administration of a few therapeutic proteins such as insulin and glucagon-like peptide-1 (GLP-1), specifically meant for targeting liver and intestinal cells, needs to be done orally. However, large molecular weight, hydrophilicity, and poor intestinal permeation are the main hurdles for the oral route of administration of biologics, including proteins (Chien and Ho, 2008) . Currently the use of absorption enhancers is suggested for increasing the permeability of protein drugs across the intestinal epithelium either by enhancing paracellular pathways by opening epithelial junctions or via transcellular pathways by slightly perturbing the mucosal surface (Swenson and Curatolo, 1992; Maher and Brayden, 2012) . Additionally, significant advances have been made for the proper delivery and absorption of therapeutic proteins and peptides via the transdermal route (Cleland et al., 2001) .
The lungs are known to have a large surface area that provides a closer interaction between alveoli and circulation, which facilitates the absorption of these therapeutic macromolecules. Therefore, the pulmonary route has gained much attention for the delivery of therapeutic proteins. The major advantage of this route is rapid absorption and it bypasses the first-pass effect (Tang et al., 2004) .
Besides the routes through which protein drugs are administered, there are a number of other issues to be considered. For example, these drugs may undergo the phase of enzymatic cleavage via proteolytic enzymes found in the host's gastrointestinal tract (GIT) (Hamman and Steenekamp, 2011) . Moreover, the acidic environment of the GIT and the presystemic elimination of protein drugs via the liver may hinder their normal absorption rate (Orive et al., 2004) .
The distribution of proteins is equally important to allow these drugs to impart their therapeutic effects. Molecules of smaller weight can be readily distributed to tissues via efficient diffusion through blood capillaries. Other factors that determine the rate and extent of drug distribution are size, lipophilicity, and carrier mediated transportation of that molecule. For small molecules, the transportation is not a complicated process as they (depending on the concentration gradient) may move through passive diffusion. However, for proteins of a large molecular size, an active and/or connective transport is required for movement.
One of the major determinants for the bioavailability and distribution of these molecules is protein binding. It has been recognized that a drug that is free from plasma protein binding can be better distributed in the body and produce its therapeutic effects. Moreover, the metabolism of the drug is also known to be affected by its protein binding. The protein drugs that have long been known to be targets for protein binding include various growth hormones and insulin (Mohler et al., 1992) . Some steps have been taken in order to improve the absorption and distribution of protein drugs; the penetration ability of biologics can be altered by evaluating the influence of drug molecular size and binding efficiency on tumors, for instance human IL-2 analogue (Thurber et al., 2008; Liu et al., 2009; Schmidt and Wittrup, 2009 ). In addition, the existence of receptors may also affect drug distribution in tissues (Braeckman, 2000) .
Metabolism and elimination of therapeutic proteins
These therapeutic proteins and peptides are usually excreted after being biotransformed and/or degraded via similar pathways involved in the degradation of endogenous proteins. They are broken into fragments of amino acids that might get reutilized for de novo protein/ peptide synthesis via the endogenous amino acid pool (Tang et al., 2004; Baumann, 2006) . Various enzymes like proteolysis are mostly responsible for the metabolism of protein drugs and are extensively present throughout the body (Braeckman, 2000) . They can be found in the blood, liver, kidneys, small intestine, and various other tissues containing excess of proteases and peptidases for proteolytic degradation of these therapeutic proteins (Tang and Meibohm, 2006) . Among these routes, the hepatic pathway is recognized as a major one for protein metabolism and elimination. Therefore, therapeutic proteins that may undergo extensive hepatic metabolism should be given with caution to patients with hepatic impairments (LoRusso et al., 2012) .
Many proteins have been recognized to affect different metabolizing enzymes, one of them being the cytochrome p450 (CYP) enzyme. It has been proposed that IL-1 β, IL-6, and TNF-α can efficiently inhibit the activity of many CYP enzymes (Abdel-Razzak et al., 1993) . Moreover, several pathways (other than proteolysis) are recognized as responsible for the removal of these therapeutic proteins from the blood, including nonspecific endocytosis and formation of immune-complexes (ICs) followed by Fcγ receptor-mediated clearance. Monoclonal antibodies and fusion proteins may bind to Fcγ receptors, where they get degraded via lysosomes following their internalization into monocytes and macrophages (Raghavan and Bjorkman, 1996; Mould and Green, 2010) . Other factors that may influence the metabolism of these therapeutic proteins include their size, charge, structure, distribution, and hydro-or lipophilicity (Tang et al., 2004) . As far as the elimination of therapeutic proteins is concerned, the nonmetabolic elimination routes (renal or biliary) are considered to have a minimal contribution. Normally the proteins with a low molecular weight are easily filtered through the renal system, where they go under hydrolytic degradation via enzymes of the renal tubular cells (Meibohm and Zhou, 2012) . Those peptides that are resistant to proteolysis tend to be eliminated via the renal system. However, it has been suggested that a few small polypeptides may undergo hydrolysis in the renal brush border, while some may be reabsorbed after being filtered into the renal tubules (Tang et al., 2004) .
Conversely, target-mediated drug disposition has been known to influence the distribution and elimination of therapeutic peptides where a large fraction of the drug is bound to pharmacological targets followed by drugtarget complex elimination (Mager, 2006) . However, the therapeutic drugs that bind to particular receptors are known to be digested intracellularly after being taken up via the receptor.
Transport of therapeutic proteins
There are several important pathways involved in the delivery of therapeutic proteins in the gastrointestinal tract (Figure 2 ). Mainly it is recognized that common drugs move across the intestinal epithelium via passive or active mediated transports. These passive transports of drugs, including the therapeutic proteins, can be better classified as paracellular and transcellular transports. The active transports are also known as carrier mediated transports (Renukuntla et al., 2013) .
Paracellular transport mechanism
The paracellular transport mechanism is proteolytic deficient, engages with intercellular water channels, and is considered a suitable pathway for the transportation of hydrophilic small molecules like proteins (Pappenheimer and Reiss, 1987; Salamat-Miller and Johnston, 2005) . However, most of the proteins have a large molecular weight and may exhibit low bioavailability, especially following oral administration because of the tight junctions between the epithelial cells. Nevertheless, it has been suggested that there exists a significant conformational suppleness in the polypeptides, which allows them to diffuse through these tight intersections (Tomita et al., 1988) . Therefore, studies have focused on investigating approaches that may help improve the paracellular transport of molecules, including the alteration of drug molecules and/or the modulation of tight intersections (Lane and Corrigan, 2006) . Though hydrogen bonding capacity is recognized to minimally affect the paracellular pathway, other factors may accompany the epithelium tight junctions to determine the transport of molecules, including the existence of conventional ion channels, their charge, permeability, size, and sensitivity to pH (Tang and Goodenough, 2003) . Examples of therapeutic proteins that are known to permeate through paracellular pathways are octreotide, arginine vasopressin, and thyrotropin-releasing hormone (Lundin and Artursson, 1990; Drewe et al., 1993; Thwaites et al., 1993) .
Transcellular transport mechanism
For the transcellular transport mechanism, molecules undergo a process termed transcytosis, which facilitates the molecule to be taken up by the cells (Yun et al., 2013) . As far as the transporter cells in the intestine are concerned, enterocytes and M cells are recognized as major contributors. The M cells are mainly present in the epithelium of Peyer's patches, are known to have transcytotic capability, and play an important role in the transcellular transport of various molecules. Moreover, the M cells have significant endocytosis activity and support the oral delivery of proteins. However, some of them can provoke immune responses by transporting proteins from the lumen to the lymphoid tissues (Gebert et al., 1996; Frey and Neutra, 1997; Giannasca et al., 1999; Clark et al., 2000) .
In contrast to paracellular transport mechanism, the transcellular pathway is efficient for lipophilic drugs with a high binding affinity for lipid bilayers and helps move the molecule across the apical to the basolateral membrane. The basolateral membrane is thought to have a lower protein to lipid ratio and is considered to be more permeable as compared with the apical membrane. Moreover, in contrast to paracellular movement, it is usually recognized that in the transcellular transport mechanism the absorption of molecules in the colon gradually decreases (Hebden et al., 1999) . The major features that are known to influence this route of transport include hydrophobicity and hydrogen binding potential (Burton et al., 1991; Florence, 2004) . It has been observed that the bulk of particle translocation occurs mainly through the epithelium of Peyer's patches (O'Hagan, 1990; Jani et al., 1992) .
Carrier mediated transport mechanism
Membrane transporters are mainly known to be involved in this transport phenomenon. This pathway usually supports the transportation of di-and tripeptides across the intestinal epithelium and is considered appropriate for the transport of hydrophilic molecules (Barthe et al., 1999) . Carrier mediated transport is also referred to as a facilitated diffusion or active transport route. Through this route, the molecule is released into circulation from the basal membrane of the cell after being transferred across the cell membrane (Russell-Jones, 1999) . This phenomenon has gained a tremendous amount of attention for being a significant way for transporting various therapeutic proteins and peptides of a small molecular size (Walter et al., 1995) . This type of facilitated absorption is energy-dependent where the carriers involved in this transport mechanism utilize membrane receptors for recognizing and transporting the target molecules across the epithelium of the GIT. Unlike the other transport mechanisms, this pathway is independent of concentration gradient. Examples include the transportation of small di/ tripeptides including β-lactam antibiotics and angiotensin converting enzyme inhibitors (Bai and Amidon, 1992) . Important factors that can influence the transport of molecules via the carrier-mediated mechanism are pH and temperature. It has been observed that the cellular uptake of cephalexin was more prominent at 37 °C as compared with its cellular uptake at 4 °C. Similarly, it was found that at a pH of 7.0 to 7.4 the transport of cephalexin from the apical membrane to the basolateral membrane was more efficient than at a pH of 5.6 to 6.5 (Hidalgo et al., 1993) . On observing the carrier mediated transport of insulin using Caco-2 cell monolayers, it was noted that transferrin receptors (rather than insulin receptors) promoted the transport of conjugated insulin, which was found to be greater than the transport of free insulin (Shah and Shen, 1996) . Moreover, some oligopeptide transporters are recognized for the absorption of certain peptidomimetic agents, including rennin and angiotensin converting enzyme inhibitors (Bai and Amidon, 1992) .
We have discussed the important transport mechanisms that are probably involved in the transportation of various therapeutic proteins. For instance, the transport of polymeric protein nanoparticles and micelles following oral delivery is known to be facilitated by one pathway, but declined by another (Figure 3) (Plapied et al., 2011) . 
Effect of therapeutic proteins on health care
Therapeutic proteins have been shown to significantly benefit the health care system by acting as efficient agents for the treatment of various potentially fatal diseases, notably various types of cancers, diabetes mellitus, and auto-immune diseases Chen et al., 2014; Rehman et al., 2014a Rehman et al., , 2014b Ünu et al., 2014; Vejselova et al., 2014) . The growing field of research focusing on the effects and appropriate delivery of these therapeutic proteins seems to hold a promise of providing historic breakthroughs against various disorders. It seems that the use of therapeutic proteins will ultimately lead to victory over various fatal diseases in the future.
Challenges
In the past several decades, advances and developments in DNA-based genetic engineering technologies have made it possible to develop and synthesize a large number of therapeutic proteins to combat a corresponding variety of life-threatening diseases and syndromes.
It is a fact that pharmaceutical biotechnology and genetic engineering have had a major impact on the health care system and seem likely to attain significant importance in the future, but still there are many current and future challenges that need to be addressed. In the following subsections, we discuss these challenges and ways to make therapeutic proteins the ideal therapeutics.
Development challenges
The overall budget and timelines for the development of therapeutic proteins have been increased dramatically, imposing pharmaceutical scientists to focus only on those molecules that have maximum chances for success in clinical trial programs. From the discovery of new molecules to their entrance into the pharmaceutical market, approximately 10 years are required, but the probability of success (POS) is not a guarantee (Shih, 2012; Strohl and Knight, 2009 ). For small molecules, the POS is 6%-7%, whereas for monoclonal antibodies and fusion proteins the POS is about 17% (Strohl, 2009) . Therefore, it is important that molecules that have a maximum POS be selected.
Safety and immunogenicity issues
Multiple therapeutic products have been developed to modulate the same therapeutic target and/or pathway, which has resulted in tough competition and made it difficult to differentiate the most effective therapeutic product among similar products. For instance, to date, there are five anti-TNF-α therapeutic proteins that are available in the market, including Enbrel, Cimzia, Remicade, Humira, and Simponi. All these agents are administered SC with the help of an autoinjector on a monthly schedule (Strohl and Knight, 2009 ). The most important feature of these therapeutic proteins is their safety and clinical efficacy, which can be achieved by a combination of several factors, including disease state, target biology, potency, safety margin, dosing, and selection of patient population (Carter, 2006; Presta, 2008; Strohl, 2009) . The safety and clinical efficacy of the administered therapeutic substance can differentiate the best therapeutic agent from the others.
The following are some factors that should be considered (Carter, 2006; Presta, 2008; Shire, 2009; Stebbings et al., 2009; Strohl, 2009 ) in terms of safety and immunogenicity: 1) molecules that provide maximum margin of safety; 2) the delivery route; 3) prolonged half-life; 4) tissue distribution; 5) stability and enzymatic degradation; and 6) solubility of molecule underdevelopment.
Immunogenicity has become a major challenge for drug efficacy and disease management (Dasgupta et al., 2008; Roger and Goldsmith, 2008) . Even a small amount of particulate material in a therapeutic protein formulation, such as protein aggregates, is considered to cause immunogenicity (Rosenberg, 2006; Carpenter et al., 2009) . Almost all therapeutic proteins, even those having only human sequences, may induce neutralizing and/or nonneutralizing antibodies in some patients (Dasgupta et al., 2008; Anjum et al., 2013) . For these patients, the increased neutralizing antibodies to specific therapeutic proteins and peptides are being used as treatment. However, a reduction in the efficacy of the administered protein therapeutic is a major issue with these antibodies. It can occur anytime due to the production of neutralizing antibodies, the rapid clearance of the protein therapeutic and/or its modified tissue distribution. The clinical consequences of immunogenicity in patients treated with therapeutic proteins are life-threatening conditions. Administered therapeutic proteins neutralize endogenous proteins in patients, causing long-term undesirable toxicities (Schellekens, 2005a) . Other immune reactions include inflammation, hypersensitivity, and mild skin reactions to severe anaphylaxis. Some of these immune reactions are clinically manageable either by co-administration of corticosteroids to suppress the inflammation, or by revising the dosing regimen.
Several factors influence the immunogenicity of patients, including: 1) structural features (sequence variation and glycosylation); 2) contaminants or impurities during preparation; 3) storage conditions (denaturation, or aggregation caused by oxidation); 4) dosage and length of treatment; 5) route of administration; 6) type of formulation; and 7) genetic characteristics of patients (Schellekens, 2005b) . Improvements in the clinical safety of protein therapeutics are direct results of recent advancements in pharmaceutical biotechnology and genetic engineering. For instance, immunogenic reactions resulting from the introduction of nonhuman antibodies have now been largely circumvented via the generation of fully human antibody therapeutics (Coenen et al., 2007) and the humanization of rodent antibodies (Easthope and Jarvis, 2001) . Pharmaceutical scientists are continuously trying to identify T-cell epitopes in protein therapeutics and boost the immune tolerance via the activation of Treg cells. These two have the ability to dampen the unwanted immunogenic responses (De Groot et al., 2008) ; however, it is still unclear whether these strategies will help minimize the chances of immunogenicity observed with antibody-based therapeutics. Using established analytical methods (Bilal et al., 2013; Lei et al., 2013a Lei et al., , 2013b Lei et al., , 2013c Lei et al., , 2014a Lei et al., , 2014b Lei et al., , 2015 , immunogenicity associated with protein therapeutics cannot be accurately predicted. Pharmaceutical scientists are continuously trying their best to assess the potential of immunogenicity during the discovery phase and ultimately select a molecule with a minimal immunogenic profile as a clinical therapeutic candidate.
Protein stability
Therapeutic proteins belong to the most widely growing class of pharmaceutical active ingredients that are being used in diverse clinical settings. However, their stability is a major drawback to making them ideal clinical therapeutics (Akash et al., 2013d) . Therapeutic proteins tend to aggregate when stored under high concentration conditions as required for their usage Shire et al., 2004) . Aggregation of therapeutic proteins tends to decrease their overall activity and sometimes elicit immunological reactions (Hermeling et al., 2004; Chennamsetty et al., 2009; Jiskoot et al., 2012) . Spatial aggregation propensity identifies the location and size of aggregation prone regions in protein formulations and allows performing target mutations of those regions to engineer antibodies for stability Voynov et al., 2009) . Another factor that may influence the stability of therapeutic proteins is temperature. Most often, extracted proteins are stored for an extended period of time to maintain their activity and original structural integrity. Usually, proteins are best stored at ≤4 °C. Storage at room temperature often leads to the degradation of therapeutic proteins. Furthermore, protein instability during sustained delivery can result in the formation of protein particles during in vivo sustained release, which is considered another factor of protein instability. This may induce an immune response in patients treated with sustained release formulations of protein therapeutics (as compared with immunogenicity of conventional protein therapeutics) .
Several strategies are being applied to increase the stability of therapeutic proteins (Akash et al., 2015a (Akash et al., , 2015b . The first approach is to alter the amino acid sequences in the protein structure (Strickler et al., 2006; Lawrence et al., 2007) . The second one is to optimize the formulation of therapeutic proteins (Baynes and Trout, 2004; Baynes et al., 2005; Schneider and Trout, 2009; Ali et al., 2014) . Thermosensitive polymers have also shown to increase the stability of therapeutic proteins (Akash et al., 2012b (Akash et al., , 2013d (Akash et al., , 2014d . Biodegradable polymers have been intensively evaluated for the successful delivery of a variety of therapeutic substances. Protein stability can also be increased using nontoxic nanostructured materials (Domach and Walker, 2010) .
Protein degradation
Protein degradation is another challenge that occurs at different stages throughout the entire process of development and delivery of the drug to its desired sites. During formulation and storage of therapeutic proteins, aggregation is a major degradation pathway. Proteins are often unstable when they are not in their native environments. Conditions vary considerably among cell compartments and extracellular fluids. If certain conditions are not maintained during their storage, therapeutic proteins may not function properly. Proteins can lose therapeutic activity as a result of proteolysis, aggregation, and suboptimal buffer conditions. It is important to understand and quantify various routes of chemical degradation such as oxidation, deamidation, chemical cross-linking, disulfide modifications, and fragmentation . Several strategies are being used to prevent the degradation of therapeutic proteins. The most common one is the encapsulation of therapeutic proteins with inert and biocompatible polymers (Akash et al., , 2015a (Akash et al., , 2015b . Protein degradation can also be prevented by co-administration of enzyme inhibitors with therapeutic proteins. 7.5. Protein-excipient interactions Immunogenicity and instability of therapeutic proteins can be stopped by modifying the protein structure via alteration of amino acid sequences and/or optimizing the formulation of therapeutic proteins using different types of polymers. The polymers, used for the incorporation of therapeutic proteins, must be inert, biocompatible, and most preferentially biodegradable in nature. During the formulation development of therapeutic proteins, protein-excipient interactions must be intensively evaluated to enhance the overall stability of protein therapeutics and minimize the chances of any kind of immunogenicity. Different types of techniques are being used by pharmaceutical scientists to evaluate the proteinexcipient interactions. These techniques have been critically reviewed by Kamerzell et al. (2011) 7.6. Metabolism and elimination Hepatic metabolism and rapid elimination is a major roadblock to the clinical application of therapeutic proteins. Pharmaceutical scientists are continuously struggling to prevent the hepatic first-pass metabolism and rapid elimination of therapeutic proteins. To date, several efforts have been made to circumvent these hurdles. These efforts include the noninvasive delivery of therapeutic proteins through routes (other than the oral route) that bypass the hepatic metabolism of the administered therapeutic proteins. Moreover, invasive delivery of therapeutic proteins is also an alternative tool to prevent the hepatic first-pass metabolism. Furthermore, the majority of therapeutic proteins have a short biological half-life. This problem might be overcome by encapsulating and/or conjugating desired therapeutic proteins with biocompatible polymers, and using fusion protein technology to extend the half-life of therapeutic proteins. Recently, IL-1Ra, a naturally occurring antiinflammatory antagonist of pro-inflammatory cytokines, has been successfully encapsulated in PF127. In vitro and in vivo studies have shown that PF127 significantly prolongs the sustained release of IL-1Ra, and maintains in vitro stability, in vivo bioactivity, and therapeutic potentials (Akash et al., 2012b (Akash et al., , 2014d .
Conclusion
We have made an attempt to discuss all the possible factors that are linked with the basis of therapeutic proteins, including their introduction, classification, production, purification, pharmacokinetic parameters, their importance in the health care system, and possible challenges that are currently being faced by scientists during the development of protein-based therapeutics.
In the past couple of decades, therapeutic proteins have gained significance as therapy for a wide range of diseases. Moreover, together with the therapeutic aspects of a growing number of therapeutic proteins, the processes for their production and purification have also gained a wide range of importance, making these valuable agents available in the pharmaceutical market. However, there are still many factors that need to be considered critically during the production, purification, and formulation of therapeutic proteins for a better quality, safety, and efficacy of these agents. This means that to use these therapeutic proteins for the treatment of various diseases, a proper and rational formulation of protein-based therapeutics is required. Moreover, a better understanding of the pharmacokinetic properties of therapeutic proteins along with the relation of these properties to the pharmacodynamic effects of these agents will further help advance the development and appropriate delivery of therapeutic proteins and peptides. A complete evaluation of the pharmacokinetic parameters and factors that can affect these parameters is required for an appropriate prediction of the biodisposition of these agents both in clinical and nonclinical settings.
Advancements in the field of biotechnology have increased and facilitated the production of therapeutically significant proteins to combat various potentially fatal diseases. However, there are still a few factors that hinder the efficient use of these valuable therapeutics. For instance, the oral route of administration faces proteolysis and/or hydrolysis in the GIT, whereas some drugs go through the hepatic first pass effect or show poor distribution. Therefore, a better insight into the routes of administration and the drug absorption mechanisms (paracellular, transcellular, and carrier mediated) is essential.
